Abstract
INTRODUCTION
Stochastic resonance whole body vibration training (SR-WBV) is still rather new and to date, only few studies have been conducted with this kind of vibration [1, 2] . Nevertheless, there is increasing evidence that SR-WBV improves musculoskeletal function in patients with neurodegenerative disorders [3] [4] [5] and paraplegia [6] . The application of SR-WBV in stroke patients has been approved and found to not be physically demanding [7] . SR-WBV is a practical and well-accepted method to prevent musculoskeletal disorders (e.g., neck, shoulder or low back pain) [8] while the exact physiological working mechanisms are still unclear [9] . Bosco et al [10] found metabolic changes after sinusoidal WBV, although these findings could not be reproduced by other researchers [9] . By using electromyography (EMG) an enhancement of the muscle activity was shown after sinusoidal WBV [11] . Studies on the activity of back muscles are still lacking. Therefore, the aim of this study was to assess the immediate effects of SR-WBV on back muscles, especially the descending trapezius muscle. A recent study showed that sustained trapezius muscle activity is associated with neck and shoulder pain in young adults [12] . It was hypothesized that SR-WBV would increase muscle activity during SR-WBV while the expected cardiovascular activation would remain low. In addition increased muscle relaxation is expected after SR-WBV.
MATERIALS AND METHODS

Ethics
All participants gave informed consent prior to study inclusion. The study was performed in accordance with the requirements defined by the Swiss Society of Psychology. Every participant was able exit the study at any time. The study has been approved by the Ethical Committee of the Faculty of Human Sciences of the University of Bern.
Subjects
Healthy participants between 18 and 30 years with a body mass index (BMI) between 17 and 26 kg/m 2 being able to cope physically with the load of a SR-WBV training were included in the study. Potential participants with any kind of metallic or synthetic implants such as a cardiac pacemaker were excluded. Due to gender specific variations in heart rate variability (HRV) [13] male participants were excluded as well. In addition, athletes and individuals performing more than three training units per week were also excluded. All of these restrictions assured homogeneity of the fitness level and the age range within the sample as they could possibly interfere with the measurements [14] and hence, confound the outcome data.
Design
The present study can be considered as a quasi-experimental pilot study using repeated measurements. The participants performed two training sessions: a sham SR-WBV at a frequency where no effects were expected [1] followed by training at a vibration frequency high enough to expect effects ( Figure 1 ). Thus, changes from sham SR-WBV to verum SR-WBV levels were considered as acute training effects.
SR-WBV
Ward et al [15] defined stochastic resonance as "a nonlinear cooperative effect wherein the addition of a random process, or 'noise' to a weak signal, or stimulus results in improved detectability or enhanced information content in some response". SR-WBV is a whole body vibration training based on stochastic oscillation with the benefit that the sensorimotor system does not adapt to the stim- ulus and therefore reacts continuously [3] . SR-WBV training in this study lasted for one minute. SR-WBV training was followed by a break of one minute where the person on the device was able to rest. For SR-WBV the srt Zeptor ® medical plus noise device (FreiSwiss AG, Zurich, Switzerland) [1] was used. For the sham SR-WBV a frequency of 2 Hz with noise level 0 was used as no increased muscle activity effects can be expected under such conditions [1] . For the verum SR-WBV intervention a 6 Hz frequency with noise level 4 was used as this condition is applied most often when subjects have a free choice. Moreover, these SR-WBV training characteristics have been shown to activate muscles [8, 16] .
Muscle activity
The activity of the descending trapezius (TD) muscle was measured by EMG following the application recommendations of SENIAM (Seniam project) [17] and Perreto [18] . 
Energy expenditure
Total energy expenditure (EE) during one training session was assessed using a SenseWear Armband (SWA) motion sensor (HealthWear Bodymedia, Pittsburgh, Penn., United States) placed on the back of the upper right arm just above the triceps muscle. The SWA measures heat flux, galvanic skin response, skin temperature and near-body temperature including also a 2-axis accelerometer [19, 20] . Based on additional personal data such as gender, age, body height and weight, EE was calculated by the SWA system [21] . Validity and reliability of the SWA has been shown for different situations, activities and populations [22] .
Heart rate variability
Heart rate variability (HRV) was assessed following the guidelines of the Task Force of the European Society of Cardiology and The North American Society of Pacing and Electrophysiology (1996) (furthermore referred as the task force). According to this task force, a power spectral analysis is especially suitable for short-term measurements. As such, the square root of the mean of the sum of the squares of the differences (RMSSD) between adjacent intervals was analyzed [23] . The RMSSD reacts sensitively to fast variations of the HRV and can be seen as a marker for parasympathetic activity [13] . Therefore, RMSSD can be used as a proxy for the degree of body relaxation. For HRV measurements the telemetric Polar RSX 800 system (Polar Electro Europe BV, Zug, Switzerland) was used. This procedure has been shown to be accurate for short-term measurements [24] .
Skin measurements
The skin microperfusion was measured using the Periflux laser-Doppler device (Periflux 4001, perimed AB, Järfälla, Sweden). The Periflux device "counts" by laser technology the movement of blood cells at the moment of measurement and provides an average value of the blood flow in arbitrary perfusion units (AU). The reliability of the instrument has been demonstrated in previous studies [25] . Skin redness was measured using the Chroma Meter CR-300 Camera (Minolta Camera Co., Ltd., Osaka, Japan). This device is specially designed to analyze reflecting colors of surfaces and can therefore be used to analyze the degree of redness of the skin surface (Minolta, n.d). This technique is based on pulsed xenon light illuminating the surface and feedback systems recording the incident and reflected light and thus calculating the color of the surface. The device is often used in medical studies and its reliability has been approved by Van den Kerckhove et al [26] . In addition, skin temperature was measured using an infrared thermometer (ScanTemp 380, TFA Dostmann, Wertheim-Reicholzheim, Germay). Several skin characteristics were measured at standardized anatomical landmarks on the upper, middle and lower back as proposed by Perreto [18] .
Questionnaire assessment
Muscular well-being and relaxation were assessed by a short version of the Burger et al [8] self-administered questionnaire and completed before and after the sham SR-WBV and after the verum SR-WBV.
This questionnaire was based on items of the chronic pain grade questionnaire (CPG) [27] , but has some changes due to time specification. Four items being relevant for the study question were used. The first item assessed pain in muscle and joints, the second muscle and joints stiffness while the third and fourth item assessed muscular and joint well-being, as well as muscular relaxation. The participants were asked to rate themselves on a 10-point Likert scale. In its original version the CPG showed a high internal consistency and reliability (Cronbach alpha > 0.9) [28] . Other studies showed good correlations between the CPG and other pain related proxies [29] . Procedure University students were the main recruitment source.
were exported to the Kubios HRV Version 2.0 software (University of Kuopio, Biosignal Analysis and medical Imaging Group, Kuopio, Finland) to calculate the RMS-SD for the specific time intercepts. These time intercepts used for the RMSSD calculations were the 5 times 1 min of vibration training (for the HRV). In addition, the minimal RMSSD reached as well as the average RMSSD over the whole training were taken into account for HRV analysis. Further RMSSD for the baseline (T0), after the sham SR-WBV (T1) and the verum SR-WBV (T2) were calculated. The RMSSD for these measurement points were calculated for 1 min each.
The mean muscle activation of the 1 min vibration blocks in each of the two SR-WBV conditions was calculated based on the EMG data and presented as percent of the (%MVC). For all statistical analyses the SPSS software (version 19, SPSS, IBM Inc., United States) was used and the level of significance was set at P < 0.05. Pearson's productmoment correlations between study variables at each time point were calculated. Repeated measures analyses of variance were calculated to test differences between sham and verum SR-WBV. Post hoc tests using the Bonferroni correction were applied. If the assumption of sphericity was violated the degrees of freedom were corrected by the Greenhouse-Geisser correction as proposed by Field [31] . The effect sizes were calculated by the partial eta-squared (η 2 ).
RESULTS
Twenty-three healthy, female students participated in this study (age = 22.4 ± 2.1 years; BMI = 21.6 ± 2.2 kg/m 2 ). Table 1 depicts the descriptive study results while the repeated measures analysis of variance results for all measurements are shown in Table 2 . Analyses indicated that the activity of the back muscles differed between time points of measurement. Post hoc tests with Bonferroni correction showed that muscle activity increased significantly during sham SR-WBV (2.24 ± 0.48 %MVC) and during verum SR-WBV (5.71 ± 1.14 %MVC) (both P < 0.0005). The observed muscle activity increased between sham and verum SR-WBV training condition (3.47 ± 0.97 %MVC) and also reached statistical significance (P = 0.006). The effect size for muscle activity change was large (η 2 = 0.50). Further analyses showed that HRV dropped during sham and verum SR-WBV training compared to baseline when mean HRV was analyzed and also when minimal HRV reached during SR-WBV was considered (all P ≤ 0.0005). EE rose significantly under verum SR-WBV conditions (P < 0.0005). Post hoc tests showed, that increased EE was significant for sham and verum training (4.86 ± 0.81 calories and 21.81 ± 1.36 calories, respectively) as well as the difference between sham and verum training (16.95 ± 1.19 calories) (all P < 0.0005). Effect size of change in EE was η 2 = 0.91. Among the indicators of microperfusion of the skin, only the flow of the middle back regions showed a significant rise over the three measurement time points (P Eligible participants were contacted and informed about this study and their potential participation in early February 2012. The participants could apply via email or telephone, then received further information about the procedure of the study and were asked to inform the authors prior to the appointment about any acute health issues such as a major flu, headaches, feeling unwell, back or muscle pains. In such a case, the potential participants were ineligible and excluded from the study. All measurements were conducted at the Movement Laboratory of the Bern University of Applied Sciences. After their arrival at the laboratory, participants were informed about the procedure and signed the consent form. Then, the self-administered baseline questionnaires were completed. Body weight and height were recorded. Skin of the participant was prepared, the EMG device as well as the polar belt and the SWA were placed. The anatomical landmarks were palpated and electrodes then attached by the same trained research assistant at all times. The resistance of the electrodes was tested and a resistance beneath 10 kΩ was accepted [17] . If the resistance was higher the electrodes were removed and the preparation procedure of the skin repeated. The cables connecting the electrodes with the EMG device were attached to the body of the participants to avoid motion artifacts. The participants were then given a large T-shirt to wear over these instruments.
The EMG, EE, HRV and skin characteristics baseline data were measured while standing still. To normalize the EMG data, measurement of the maximal voluntary muscles force (maximal voluntary contractions, MVC) were taken by the same trained research assistant at all times. To compare muscle activities of different subjects, an isometric MVC had to be performed prior to the test trials for data normalization (%MVC). MVC testings (3-5 s per muscle, break of 15 s between two series) were based on muscle tests [30] . Once the participants had been prepared, the training started. For the first intervention, the sham SR-WBV was chosen. The subjects were barefoot and asked to stand still during 15 s on the srt Zeptor ® medical vibration platform with loose-hanging arms at their sides and slightly bent knees looking at a fixed point on the wall as a preparation before the vibration of one minute took place, which was followed by a recovery of 60 s where the participants could relax and move on the platform. This procedure was repeated 5 times. The participants completed the intervention training on the srt Zeptor ® medical with the verum SR-WBV. Hence, both SR-WBV training sessions were very similar varying only in vibration frequency and noise level. Skin characteristics were measured immediately after the SR-WBV training. Five minutes after the training the participants were asked to sit down to complete the questionnaire. In the meantime the HRV and the SWA measurements were taken.
Statistical analysis
The HRV data, initially recorded by the Polar System, < 0.0005; η 2 = 0.49) with significant changes between baseline and verum SR-WBV (7.33 ± 1.58 AU, P < 0.0005) and sham and verum SR-WBV noise 4 (11.41 ± 2.11 AU, P < 0.0005). Skin temperature of neck and middle back differed significantly between baseline and followup (P ≤ 0.0005). On average the overall skin temperature raised from baseline to sham SR-WBV by 0.66 ± 0.12 ℃ (P ≤ 0.0005) and between baseline and verum SR-WBV with 0.92 ± 0.13 ℃ (P ≤ 0.0005).
Skin redness showed significant changes over the three measurement points only in the middle back area (P = 0.022). There was a significant rise from baseline to verum SR-WBV (0.86 ± 0.25 AU, P = 0.008).
The self-reported CPG indicators of pain, stiffness, well-being and muscle relaxation showed a mixed pattern across conditions. Muscle and joint stiffness (P = 0.018) and muscular relaxation did significantly change from baseline to different conditions of SR-WBV (P < 0.001). Moreover, muscle relaxation after verum SR-WBV was higher than after sham SR-WBV (P < 0.05).
DISCUSSION
Stochastic whole body vibration training activates the musculoskeletal system [9] while the metabolic and cardiovascular strain is low [7] . The EMG, HRV and EE data of the present study showed significant differences over the different SR-WBV modalities, suggesting SR-WBV related acute psychological and physiological effects [1] . As hypothesized, verum SR-WBV training effect showed a pattern of enhanced muscle activity, decreased HRV and increased EE. With this observed substantial increase of EE and muscle activity, this verum SR-WBV training at a frequency of 6 Hz and noise level 4 fulfills the requirements of a physical activity or an exercise to prevent diseases according to the definition by the United Sates Surgeon General's Report [32] . The latter defined physical activity as "bodily movement that is produced by the contraction of skeletal muscle and that substantially increases energy expenditure" and exercise as "planned, structured, and repetitive bodily movement done to improve or maintain one or more components of physical fitness".
However, the 9.14 %MVC muscle activity during verum SR-WBV remains fairly limited compared to more classic strength training such as push-up or press-up exercises which increase the trapezius muscle activity between 22 and 33 %MVC [33] . Similarly, the effects on EE during verum SR-WBV were low to moderate compared to classic resistance exercise. The EE during classical resistance training varies widely [34] from 2.2 to 35 calories per minute adding up to 22 to 350 calories for a 10-min session. Hence, the mean energy consumption of 35.5 calories per 10 min is low but in line with other findings on resistance training related EE [35] . These results support previous findings concerning the moderately increased oxygen absorption during WBV training [3] . Furthermore, these findings suggest that verum SR-WBV training may be an effective prevention tool for musculoskeletal diseases in work environments. SR-WBV training sessions can easily be done before, during or after work without having to change clothes or take a shower afterwards.
HRV measurements during training showed that both sham and verum SR-WBV training conditions may have similar effects on the parasympathetic system. No differences between sham and verum training conditions were found. Thus, cardiovascular training demands in verum SR-WBV are low. The effects of verum SR-WBV on the musculoskeletal system and proxies of microperfusion of the skin (blood flow, temperature and redness) could explain the self-reported musculoskeletal wellbeing experiences of the participants. The measurements of skin characteristics showed an unusual pattern over all performed analyses. Though the measurements of temperature and skin redness of the three different anatomical locations of the back were correlated with each other only the middle back showed significant differences throughout the means of elicitation. This study demonstrated that there is only a significant rise of blood flow, skin temperature and redness of the skin under verum training conditions, while these changes do not occur under sham training conditions. These findings corroborate those of Elfering et al [1] who did not find any significant long-term effects on the prevention of musculoskeletal diseases at very low vibration frequencies. Musculoskeletal relaxation rose significantly after verum SR-WBV training (P < 0.001) but not after sham training (P = 0.657) while well-being and pain did not show any significant differences after verum SR-WBV. As a healthy young sample was addressed a possible explanation could be a floor effect. Table 1 Descriptive study results (mean ± SD)
EMG: Electromyography, activation expressed as percentage of activation measured at maximal voluntary contraction (%MVC) of the decending part of the trapezius muscle (TD); RMSSD: Root of the mean of the sum of the squares of the differences; HRV: Heart rate variability; CPG: Chronic pain grade; SR-WBV: Stochastic resonance whole body vibration.
The significant rise of mean skin temperature has to be viewed critically. It could be hypothesized that SR-WBV leads to the release of vaso-active substances from connective tissue cells, increasing the local blood flow and the microperfusion of the skin. However, it cannot be excluded that the observed change in skin temperature is related to the procedure of the experiment. For example, baseline values were assessed shortly after the electrodes had been placed, hence, after the participants had spent some time without clothes. This could have caused a cool down of the skin temperature at baseline. Significant changes of the skin measurements were found only in the middle back region. In addition, verum SR-WBV increased musculoskeletal relaxation. The middle back includes the trapezius muscle and according to Blangsted et al [36] office workers often report muscle problems of this region. Therefore, the observed increase in blood flow and activity of the trapezius muscles can lead to musculoskeletal relaxation. Relaxation is deeper after muscles have been forced. Many relaxation techniques include this technique, e.g., progressive relaxation technique after Jacobson [37] So, to improve muscle relaxation in clerical workers with excessive stable tension in low back and upper limb musculature SR-WBV appears to be a promising technique that induces relaxation after activation. Also more appropriate postures and better office furniture should be addressed to avoid excessive muscle tension during work.
Limitations
This pilot study had a quasi-experimental design and thus has to face criticism [36] . There are confounders which are difficult to control in quasi-experimental designs and as such they jeopardize the internal validity [38] with respect to alternative explanations of effects that cannot be ruled out. Because of the convenience sampling method, aimed at recruiting healthy, young and physically active participants external validity of the study may be questioned. Potential selection bias has been attempted to control with the limitation of women exercising not more three times a week. With an average activity level of 2.4 training units per week the study participants are comparable to the activity level in the Swiss population [39] . A blinding of the primary investigator was not possible but the blinding of participants was guaranteed by sham training sessions. The participants were told in the beginning that they would go through two identical training programmes and that they would have to complete questionnaires afterwards. The participants stood on the vibration device with their back to the remote control where the vibration frequency was set and the settingscreen was additionally covered by a piece of paper so that the participants never knew the exact vibration frequency. Griffin [40] wrote in his Handbook of Human Vibration: "The shaking of the human body -a complex, active, intelligent, dynamic structure -should not be expected to have a single, simple or easily predictable consequence." This may apply as well to SR-WBV training. As difficult as it is to predict the effects of SR-WBV so complicated it is to show all training effects that contribute to SR-WBV effectiveness in prevention. Nevertheless, this study sheds some light on this complex matter.
Verum SR-WBV induced acute changes in the musculoskeletal system that are eligible to cause the known positive effects on back pain [1, 8] . These findings make a contribution to the explanation of back pain prevention through SR-WBV. Verum SR-WBV stimulated musculoskeletal activity in young healthy females while the cardiovascular activation was low. Therefore, verum SR-WBV served as short, specific exercise stimulus (likely followed by muscle relaxation), but was not a stressful, constant load, e.g., like sitting in front of a computer. So, to improve muscle relaxation in office workers with excessive Table 2 Results of repeated measurement analyses of variance stable tension in the lower back and upper limb musculature SR-WBV appears to be a promising technique.
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COMMENTS
Background
Musculoskeletal pain is common and so far no tests of acute musculoskeletal and cardiovascular changes due to stochastic resonance whole-body vibration training (SR-WBV) as intervention have been reported.
Research frontiers
There is need for research on short, economic, and effective training interventions. In this pilot study SR-WBV is shown to specifically activate back muscles while cardiovascular demands are low.
Innovations and breakthroughs
The study demonstrates acute SR-WBV training effects in physiological and self-perceived musculoskeletal function.
Applications
SR-WBV at work appears to be a promising tool in the prevention of occupational musculoskeletal problems.
Terminology
SR-WBV constantly challenges the neuro-musculoskeletal coordination to adapt to unforeseeable changes.
Peer review
The present manuscript investigated the influence of a technique termed SR-WBV on various physiological and psychological parameters. Young healthy participants underwent a "sham" (2 Hz with noise level 0) then a "verum" (6 Hz with noise level 4) SR-WBV training. Main results showed that electromyography activity of descending trapezius and energy expenditure were both larger during verum training as compared to baseline and sham training. This study is globally interesting, the experiments well-conducted and the topic chosen by the authors.
